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Introduction 1
Accurate thermophysical fluid properties are crucial for the efficient and reliable operation 2 of chemical processes used to manufacture specialty chemicals, lubricant additives, crude oil, 3 polymers, pharmaceuticals, and a variety of other chemically-based products [1, 2] . Typically, 4 equilibrium properties, such as vapor-liquid equilibria, determine the feasibility of the process 5 however, density and transport properties are needed for equipment selection, design, and sizing. 6 Although it is relatively straightforward to measure fluid properties at ambient conditions, applied 7 product development in many fields requires accurate property data at extreme temperatures and accurately determining the amount of available recoverable oil, for modeling the flow of the oil 10 within porous media and into and up the wellbore and pipelines, and for safely operating 11 production equipment, such as blow-out preventers, risers, etc. Unfortunately, there currently is a 12 meager database of accurate fluid properties at these extreme conditions. A further complication 13 is the multicomponent nature of petroleum fluids that taxes the performance of available equations 14 of state and contemporary transport models used to predict fluid properties. performance and cost [6] . The majority of the SAE presentations at this meeting emphasized 13 enhanced mechanical and hardware design to meet performance targets. Yet, the missing 14 component of these presentations is the recognition that improved lubricant fluid properties can 15 result in as much as an 9% increase in overall efficiency. There is a 5% of efficiency losses result 16 from internal engine friction and 4% of the losses result from driveline friction [7] . Note that a 1% 17 improvement in fuel economy in the U.S. alone amounts to more than $300 million/yr savings to 18 the automobile manufacturers in non-compliance penalties [8] . Left unsaid at this conference are 19 the vast research and development approaches by automobile additives companies to improve the 20 performance of lubricants operating at extreme pressures, especially found in gears [9] .
21
Typical lubricant base oils are refinery blends of paraffinic, naphthenic, and aromatic tolerances is directly related to fuel density, viscosity, compressibility, and bulk modulus, all at 5 HPHT conditions. Market deployment of high-pressure FIE is anticipated once these novel 6 injectors are validated with a range of commercial diesel fuels whose composition depends on the 7 global source. Given the meager HPHT fuel property data base that currently exists, prototype . In this approach, a subcritical fuel is injected into a supercritical gas in the combustion 4 chamber where the fuel is rapidly heated to supercritical temperatures. Transcritical fuel injection 5 leads to improved diffusive mixing and fuel-air mixture homogeneity, given that the hydrocarbon 6 fuel-air mixture now exhibits a single phase due to extremely low, or ideally, no interfacial tension.
7
In a controlled apparatus, Dahms et al. [15] observed the absence of fuel spray ligaments or The HPHT operating conditions encountered in automotive applications [6, 8] 10 have yet to be verified for HPHT data. Another important concern when interpreting interfacial 11 tension data is that the density for each phase is needed to accurately determine the interfacial 12 tension. However, density data are often unavailable and, therefore, many studies resort to using 13 pure component or calculated densities, which can affect the accuracy of the data. There are three routes to determining thermophysical property data: (1) retrieval from 7 literature, (2) estimation from theory and models or correlation, and (3) experimental thickness, which means heat transfer into and out of the cell will suffer a time lag with this essentially adiabatic cell. Given that pressure can be changed quite rapidly by the displacement of 1 an internal piston or bellows, the time to thermal equilibrium, within desired bounds, becomes the 2 rate-determining factor to obtain data within a normal day of operation. For simultaneous high 3 pressure and high temperature operation, it is necessary to remove any elastomeric o-rings used to 4 seal windows. Likewise, metal bellows are typically used to adjust the cell internal pressure rather 5 than a floating piston sealed with an o-ring. Metal-to-metal seals based on a cone-and-threaded 6 principle are needed rather than sealing based on a lower-pressure, compression-fitting principle.
Careful attention is also needed as to the choice of metal used for the body of the cell since certain 
Modeling Challenges
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We offer a few observations on modeling fluid properties at HPHT conditions for the Therefore, it is more logical to populate a HPHT fluid property data base with data on well- While there is an appreciable amount of available HPHT density data, there is still a 7 significant gap in the literature viscosity database that ultimately could be populated with model The research leading to these results has received funding from the MSCA-ITN-ETN of the 11 European Union's H2020 programme, under REA grant agreement no. 675528. 
